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Introduction. Among a great deal of thieinar Results. Solid line in Fig. 3 demonstrates the
surface images taken bye UVVIS camera during resylt forthe frame shown in Fig. 1. Dashed line in
Clementine mission there aspme imageswith the Fig. 3 showsthe phasecurve derived withthe same
zero phase angle point.dives aunique possibility to technique from the framesLUD3742J.150 and
study so-called opposition spikéhat is anomalous | yc3746J.150 centered at I 48.7E. This site is
increase of surface brightness tae smallest phase |gcated in Mare Fecunditatisthe scenehas much
angles. This phenomenon seen in the images as a |ower albedothan the area iSinus Medii shown in
diffuse brightened spot arounthe zero phase angle g 1. The phaseurves in Fig. 3are normalized by

frame LUC2275J.167 (900 nm filterfhe frame is

centered at 1°N 3.9 E and includes North-Eaptrt
of Sinus Medii strongly brightened by the ray system o

ﬁ:g:]elgm;rnesnecker,and small - part - of adjacent with the method ofjlobal averagingThe opposition
o ) spike on theMoon is not as sharp and high, as
To obtain thedependence of brightness on phasepserved for some bright atmosphereless bodies.
angle (so-called phase curve) one needs to compare the Bright material in Sinus Medii demonstrates

brightness at small phases with brightness ofstme L . o
. . oS o much stronger opposition spikkkan dark material in
site under usuabbservation Allumination conditions.

Unfortunately thereare few UVVIS frames where
direct comparison is possible. In [tHe dependence of
brightness on local phase angleas averaged over a
number of frames to diminish variations of theene
albedo. We proposanotherway to extract the phase
curves from the Clementine UVVIS images.

Data processing. Our method isbased on
subtraction of two images takenconsequently in
different filters. Due to spacecraft motighe zero
phase angle pointoved onthe surface. After the
subtraction thealbedopattern is practically quenched,
but theopposition spot is not quenchedmpletely due
to the shift of the phase angle pattern. Wgethe fact
that brightness variation due to color difference is
smallerthan thevariation due to the shift of theero
phase point. As an exampl&ig. 2 shows highly
contrasted result of subtraction of the frame]
LUD2271J.167 (950 nm filter) frorthe frameshown
in Fig. 1. Thedifference inthe local phase angle for
any point in this image does not exceed 0.2 Of
course, beforethe subtraction the imagesvere =
calibratedand carefully superimposed. We applied the i
calibration proceduredeveloped by C. Pieters and
colleagues at Brown University. Knowinpe phase
angle in each point of both images we obtained th
derivative of the phaseurve in each point of the
frame. Then weaveraged the derivativeverall points
with the same phase angle. Integration of thé
derivative gave the phase curve. 5

Typical values othe opposition spike amplitude
easured with our method in phase angle range of
.2...1.6° agrees with the measurements in [1] made




Lunar and Planetary Science XXVIII

1031.PDF

LUNAR OPPOSITION SPIKE: Yu. G. Shkuratov et al.

Mare Fecunditatis (Fig. 3). Thisbservation agrees
with general differencebetween opposition spike
amplitude in maria and highlands noted in [1].

The phasecurves (Fig. 3)tend tolevel at phase
angles lessthan 0.8. This effect is due to finite
angular dimension of the Solar diskwlas analyzed in
[2].

Discussion of themethod and future work. Our
method giveshe phaseurve inthe range 02..1.5°
with higher accuracy than the method of global
average used in [1Pur methoduses only one frame
(or evenpart of it), that iswhy it can beeffectively
applied to studythe opposition spike for different
terrains. This work is in progress now.

In [1] the opposition spike found to be 3...4 %
smaller in infraredhan in thevisible. This difference
is at theedge of result accuracpur method hardly

can improve accuracy of wavelength dependence

estimation.

Our method cannot besed for phase angles
smallerthan 0.2. The method oflobal average [1]
gives estimations of phase curve foe smallest phase
angles, but with very low accuracy.
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Accuracy of our estimations of the phase curve for
phase angles > ~L.% lower becausthe phaseurve
is less steep, so systematic brightness difference is
masked by noise (Fig. 2). The noisan bereduced
much moreeffectively than throughsimple averaging
as we did so far. Common image processofjware
does not give good resultscausehe noise originated
primarily from thelossy compression, so its statistic
noticeably differs fromthat assumed by common
algorithms.Development of specific filters lookgery
promising.

Contribution of the coherent backscattering
enhancement Unlike [1], webelievethat thecoherent
backscattering enhancemeaiays aprominent role in
the opposition spike observed fdahe Moon. In the
frame of the approackuggested in [3pnd [4] the
coherent mechanism enhances brightness at the phase
anglea by the factor

exp(-1/0)
2 \/1+ (4nosing; )°

Parameter®© is typical size oflight spot for
regolith medium measured in wavelengths [4]. In other
words, O is typical distancdetweenentrance anexit
point of light ray experienced multiply scattering in the
regolith medium, divided byhe wavelength. Function
1(0)/1(1°) is plotted inFig. 4 for a set of® values. It is
seenthat it is easy tomatch both amplitude and
steepness of the observed opposition sfifig 3) with
this function. Thusobserved absence atrong and
sharp spike does not argue againstnoticeable
contribution of the coherent enhancement.

Strong wavelength dependence tie spike
amplitude is wrongly attributed tahe coherent
enhancement. From ondand, the increase of
wavelength decrease® (and lessen the spikejust
because® is something divided byhe wavelength.
From the otherhand, atlonger wavelengthlunar
surface albedo ikigher, so the lighspot is widerthat
implies increase oB (and rise of the spikeBalance
of theseeffects for very complexegolith structure is
not obvious. Thus the observed weak spectral
dependence dhe opposition spike doesot contradict
the coherent enhancement mechanism.

[(a) =1+
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